Identifying scents in a wine's bouquet is considered one of the most important steps in the process of wine tasting. An individual's ability to successfully do this is dependent on the sense of smell; thus, altering the nasal microenvironment could have a powerful effect on the wine tasting experience. In the present study, we examined olfactory performance in healthy participants who cleared their nasal cavity before odorant presentations. Fifty undergraduate participants were assessed with a standardized test of olfaction requiring the recognition of a battery of odors.
Introduction
Identifying scents in a wine's bouquet is considered one of the most important steps in the process of wine tasting. [1] [2] [3] [4] An individual's ability to successfully do this is dependent on an intact and functioning olfactory system. Olfaction requires odorants to bind to chemical receptors in the olfactory epithelium, located in the superior portion of the nasal vault. 5 In order to get to the olfactory epithelium, odor molecules must pass through the nasal airway, which is often narrow, heavily ciliated, and replete with sharp turns. As such, most odorants are caught by the cilia of the nasal mucosa, which line the length of the nasal airways, long before they reach the olfactory epithelium. 5 The environment of the nasal passage, then, can clearly have a profound effect on the ability to identify odors.
Proper airflow is also crucial for optimal olfaction. [6] [7] [8] At the extreme, a deviated septum, sinusitis, or nasal polyps can prevent proper airflow to the olfactory receptors and lead to anosmia, a lack of the ability to smell. [9] [10] [11] [12] [13] [14] Hornung and colleagues 7 found that increasing the volume of the nasal passage with a nasal dilator increased an individual's ability to identify odors. This finding presents the possibility that clearing the nasal cavity could also increase olfactory performance.
Wine tasters often clear their nasal cavity before sniffing the aromas of a wine, although the effects of this behavior have yet to be empirically studied. This study sought to examine whether such gentle clearing has an effect on identifying odors.
Materials and Methods

Participants
There were 50 students from a small liberal arts college who participated in this study. The age range of these students was between 19 and 22, and there were 21 male and 29 female participants. Participants were not sick at the time of their sessions, and each was instructed to refrain from eating, drinking, smoking, or chewing gum for at least 30 minutes prior to their session. Smoker status or drug consumption, however, was not assessed. Participants were randomly assigned to either the experimental and control group. Participants received 5 dollars (USD) for their participation.
Materials
Odor identification was assessed using the Sniffin' Sticks Screening 12 test (Burghart Messtechnik, Wedel, Germany), a standardized test of olfaction. 15, 16 This test comprises 12 different odors: banana, cinnamon, clove, coffee, fish, leather, lemon, licorice, orange, peppermint, pineapple, and rose.
Each odor is contained in a separate odor pen; a felt tip that contains an odorant is encased in a hard plastic tube and covered with a plastic cap when not in use. The Screening 12 test includes a set of 12 cue cards, each one corresponding to a separate odor pen. Each card has four separate possible odors that the participant is required to choose from when identifying the scent of each odor stick.
Procedure
Odor presentation for participants in the control group was as follows: the odor pen was uncapped, and the experimenter, wearing a latex glove, held the felt tip of the pen approximately 2 cm below the participant's nostrils for 3 to 4 sec. During the presentation of the odor, the cue card that corresponded to that odor was presented on a computer screen in front of the participant. Odor identification was done using a forced choice paradigm in which the participant was required to choose the name of the odor from the four options displayed on the cue card and record their choice on a response sheet. There was 30 sec before the next trial, and this procedure was then repeated for each of the 12 odor pens. A participant's score was the number of odors that they correctly identified.
Conversely, the procedure for participants in the experimental group was similar, except participants were instructed to clear their nasal cavity by gently blowing their nose into a tissue before each odor presentation.
Performance across the 12 odors was compared between the control and experimental group with a c 2 test for independence, with P=0.05. Additionally, the total number of correctly identified odors for the experimental and control groups were compared using an independent measures t-test (alpha=0.05). Further, our data were compared to the 50 th percentile of population data provided with the Sniffin' Sticks test. Normative data were given for males and females in different age groups. The performance score of each participant in the present study was matched to the 50 th percentile of scores for age and sex matched participants. Then, a matched pairs t-test (alpha=0.05) was used to compare these two 
Results
The proportion of participants in the control and experimental groups that correctly identified each odor is presented in Figure 1 . These proportions were then compared using a chisquare test for independence. This comparison failed to find any significant differences between the groups c 2 (11, n=25)=0.959, P>0.05. The number of correct odor identifications between control (10.8±0.0367; mean±SEM) and experimental (11.08±0.0297; mean±SEM) participants was analyzed with an independent measures t-test (Figure 2) . No significant differences were not found between the groups: t(24)=1.09, P>0.05. Lastly, participant's scores from the experimental group were paired with population means in the 50 th percentile based on the participant's sex and age. This comparison between our participants and the corresponding population data also revealed no significant effect of clearing the nasal passage, t(24)=0.464, P=0.647. Further, there were no sex differences within our data (data not shown), nor are sex differences present in the population data with this test.
Discussion
Our experiment showed that gently blowing the nose to clear the nasal passages had no effect on odor recognition in the 12 odors in the Sniffin' Sticks Screening 12 test. This finding demonstrates that the behavior of clearing the nasal cavity before smelling a wine may have no effect on olfactory performance. However, the failure to find an effect could be due to any number of factors. First, the Sniffin' Sticks test we employed in this study may have yielded a ceiling effect, meaning that most participants performed at near maximum levels in both the control and experimental groups. This could allow subtle increases in olfactory abilities to go undetected, because performance on the task was already elevated such that it could not be improved upon. Second, it is possible that clearing the nose did not adequately increase airflow in the right areas. Using a computer model of nasal airflow, Zhao and colleagues 17 found that the volume of certain areas has a far greater effect on airflow to the olfactory epithelium than others. Thus, if those areas of greater impact were not the ones affected by nasal clearing, an effect would not be expected. Third, the Sniffin' Sticks test measures olfactory recognition abilities using 12 specific odors. Given the nature of this test, it is possible that identification of specific odors that were not assessed may be differentially affected by clearing the nasal passage.
Indeed, the possibility of differential effects for different odors is supported by differences observed between the proportions of correctly identified odors in this study (Figure 1) . Graphically, cinnamon appears to present the largest difference between control and experimental participants (Figure 1) . No participant in the experimental group incorrectly identified this odor, while three participants in the control group incorrectly identified this odor (though there was no statistical difference in performance between groups). For a number of odors (rose, coffee, fish, pineapple, and orange), however, performance was identical between the two groups. This supports the possibility that our manipulation could have found a difference in identification of an odor that was not tested in the current battery of odors.
Conclusions
Caveats and potential shortcomings aside, this study was an important first step in testing behaviors that may increase the ability to detect odorants. Although the observed ceiling effect prevents a detailed analysis of differences between groups, further experimental inquiry is warranted. Any method to increase odor sensitivity would have generalizations well beyond the wine community. 
